INTRODUCTION {#s1}
============

In the early 1960s Ross and Barratt-Boyes introduced the use of human allograft cardiac heart valves, or homografts, into clinical practice \[[@R01],[@R02]\].

In 2012 the 50th anniversary of the first so-called Ross operation was celebrated.

The Ross operation encompasses implantation of a pulmonary autograft in the aortic position, while an allograft is transplanted in the pulmonary position.

Ever since, there has been a need to store available donor grafts, so that they can be prepared, stored in a tissue bank, and used for implantation, either in elective or in emergency patients. From the end of the sixties and into the eighties tissue banks were founded all over Europe \[[@R03]\].

In the same period studies about the techniques and successes of homograft implantation in larger series of patients were published, followed in the nineties by studies which covered more than a decade \[[@R04],[@R05],[@R06],[@R07],[@R08],[@R09],[@R10],[@R11],[@R12],[@R13],[@R14]\].

Because, over time, they were the only successful biological heart valve prostheses beside the mechanical ones, the results were very satisfactory.

The advantages were clear: a low rate of thromboembolic events, thus avoiding a lifetime of anticoagulation therapy. In addition, their hemodynamic properties were superior to those of mechanical valves, especially those available in the early 1960s and 1970s.

As time went by, it became clear that the availability and cardiectomy techniques to obtain cardiovascular tissues were a problem as suitable donors were recipients of heart transplants, organ donors whose hearts were not accepted, or donors who were autopsied and their relatives had agreed to their tissues being used \[[@R15]\].

In the last 20 years, the European cardiovascular tissue banks have invested a great deal of finances and effort in improving the safety and quality of their tissue banking methods and facilities. Issues such as donor selection, validation of testing methods, the improvement of sterility systems and clean rooms were addressed.

Regulations based on Directives \[[@R16]\] of the European Union became law in all member states.

The Foundation of European Tissue Banks initiated a survey to obtain an assessment and quantification of the situation in the field of cardiovascular tissue banks, after implementation of the European Directives into national legislation. This study presents the results of that survey.

METHODS {#s2}
=======

In 2011, questionnaires were sent out to 30 cardiovascular tissue banks, 18 of which completed and returned them. One cardiovascular tissue bank had started its activities in early 2011; hence no data could be reported as yet. Three additional questionnaires were received after the statistical analysis was closed, and these data are not included.

The data received were accumulated and statistically stratified. Ranges and means were calculated and tabulated giving insight into the level of activities of these cardiovascular tissue banks. Percentages of detected positive serology were assembled, and a break-down of microbiological contamination as the reason for discarding tissue should yield information on the reasons for tissues being discarded during the process.

Ethical approval was waived given the observational and retrospective design of the study. No data from individual donors and patients were used in this study.

RESULTS {#s3}
=======

The statistics in *Table 1* are based on the assumption that every heart received in the cardiovascular tissue banks provided two grafts.
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Out of 18 tissue banks, 11 had registered the number of donor reports rather than the hearts actually received in the bank. In these 11 tissue banks, 67% of the donors reported resulted in the receipt of a heart in the bank. Table 1 shows that from the total of 1640 hearts received by 18 tissue banks in 2010, only 46.9% provided suitable grafts; hence the discard rate is 53.1%.

The cardiovascular tissue banks show a considerable difference in their activities: while in 2010 the highest number of grafts received was 262, the smallest bank processed only 17 grafts. When it comes to issuing grafts, similar differences are observed. As shown in *Table 2*, the number of grafts issued ranges from 4 to 243.
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The statistics in *Table 2* confirm that the demand for pulmonary grafts is about twice as high as the demand for aortic valves: 67% of all grafts issued were pulmonary valves.

The data provided by the 18 cardiovascular banks show that, in 2010, exporting of tissues to other countries was done by 7 banks, with the proportion varying from 1% to 72% of the annual number of processed grafts.

*Table 3* provides insight into the information with respect to donors.
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The average donor age ranges from 40 (in 2007) to 42 in 2010. Fifty-seven percent of the hearts originated from organ donors of whom the heart could not be transplanted, 28% from non-organ donors (those who become donors after an extended period of cardiac arrest, and are thus unsuitable as organ donors) and 15% were retrieved from so called "domino donors". Domino donors are people who undergo a heart transplantation, and whose native heart may still have valves that are transplantable as tissue grafts.

The criteria for the time between cardiac arrest and cardiectomy, as observed by the tissue banks in this study, ranged from 2 to 48 hours. In reality, the average time until cardiectomy was between 8 hours in 2007, and 11 hours in 2010. After receipt in the tissue bank, the valvular grafts are excised from the heart and decontaminated. Also here, the criteria differed greatly between the banks and the time varied from 18 hours to 72 hours, while the average number of hours in practice was 24. *Table 4* shows the reasons for discarding donor tissue. In 2010, 45.3% of the tissue grafts had to be discarded. In many cases there was more than one reason for not accepting the heart, or its tissue grafts, for transplantation.
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In 32.7% of the cases the reason for discard was that there were contraindications for transplantation of the tissue in the donor's medical history. During processing 35.8% of the cardiovascular tissue was found to be unsuitable because of its morphology. In 17.65% and 4.2% of the cases, respectively, microbiology or serology test results were a reason not to accept the grafts for transplantation.

Technical and unknown reasons were responsible for 7.3% and 7.8%, respectively, of the discards. *Table 5* gives an overview of decontamination methods in 17 cardiovascular tissue banks.
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Substantial differences can be observed in the number of hours during which the tissue banks culture the tissue to detect and/or eliminate micro-organisms; the range is 5-72 hrs. Also, the temperature under which incubation takes place shows a large variety: from 4o C to 37o C. The banks use 25 different antibiotics in many different concentrations.

In *Table 6* a breakdown of other tissues provided by the banks in this study shows that pericardium, arteries and veins are processed alongside valvular allografts.
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DISCUSSION {#s9}
==========

The level of activity in cardiovascular tissue banks is determined by the numbers of donors. This study shows that the range of donor hearts received in 18 banks varied from 1640 in 2010 to 1700 in 2007.

As the number of hearts received represents only 67% of the number of donors referred, it may be worthwhile to analyze the reasons why the hearts of 33% of the reported donors were eventually not allocated to the tissue bank. By eliminating factors preventing the donation from materializing, banks would be able to increase their activity.

On the other hand the statistics document that in 2010 45.3% were not suitable for transplantation and had to be discarded. Better donor screening beforehand, and a more effective process from cardiectomy to excision and for decontamination in the bank are three factors which could decrease this high number of discards.

This study shows in statistics what cardiovascular tissue bankers have known for a long time, that the demand for pulmonary valves is about twice as high as the demand for aortic valves: 66% of all grafts are pulmonary valves.

Although this study does not extend to the use of grafts, the literature shows that for many centers the pulmonary valve is the allograft of choice in congenital as well as in acquired cardiac diseases \[[@R11]\].

The activity of the banks varies from processing less than 20 to 262 donor hearts in 2010. One has to wonder about the routine capabilities of personnel as well as about the optimal use of the investment and costs of maintenance of a class A laboratory.

The donor age (*Table 3*) has gradually increased from an average of 40 in 2007 to 42 years in 2010. As the average age in the European population increases, the donor age increases accordingly. Some cardiovascular tissue banks receive hearts from organ donors only. The reason is twofold:

some authorities forbid the use of non-organ donors;to set up a cardiectomy team on a 24/365 basis requires additional organizational constraints and investments which some banks wish to avoid.

Most cardiovascular tissue banks strive to increase the volume of available tissue. The dependency on the receipt of organ donor and domino donor hearts brings them into a vulnerable position. The need for additional cardiovascular grafts could be compensated by an effort to set up a non-organ donor program.

The discard because of morphology can hardly be avoided. However, the differences in decontamination methods, use of antibiotics and their concentrations, as well as temperature should be a subject to cause concern in the cardiovascular tissue banks participating in this study.

In 2010, a conference of these tissue bankers and their microbiologists was organized by the Foundation of European Tissue Banks. Substructuring and validation methods were exchanged, and some arguments were proven to be right. At that conference, and from the questionnaire in this study, no adverse events were reported by any of the participating tissue banks.

While most of the cardiovascular tissue banks in this study concentrate on the processing and distribution of the "classic" homograft heart valves, nine banks showed activities with respect to processing tissues such as arteries, veins and pericardium. Table 6 clearly shows an increase in the distribution of arterial grafts. Correspondence with different tissue bank representatives revealed that the demand for arterial grafts is growing throughout Europe. While veins are used in access surgery (shunts), pericardium serves as patching material to bridge larger gaps of deficient tissue during cardiothoracic operations.

The numbers of these tissues issued over the period 2007-2010 also show a considerable increase.

CONCLUSION {#s10}
==========

For the first time since the start of the clinical use of human allogeneic heart valves, data from a number of European cardiovascular tissue banks could be accumulated.

Statistics with respect to numbers, discard and use of cardiovascular tissue provide insight into the magnitude of their activities as well as into some of the parameters they use.

First of all, looking at the number of tissue grafts issued for transplantation, one can conclude that the demand for tissues has not decreased during the period of 4 years encompassed in this study. Apparently the demand increased by 16.8%, from 1272 to 1486, over a 4-yearperiod.

The results show that cardiovascular tissue bank activities have remained relatively stable over the years, though the number of donors has somewhat decreased (3.5%). While the demand for pulmonary grafts still increased from 810 to 981 (21.1%), only 505 aortic grafts were issued in 2010. What happens with all the aortic grafts which are not issued is a logistical as well as an ethical question.

In order to cope with the persistently high demand for pulmonary grafts and arteries, those cardiovascular tissue banks which do not retrieve hearts from non-organ donors should seriously consider initiating such a donor program.

Although not clinically proven, studies show that stem cell techniques may eventually contribute to the quality and availability of human heart valves, yet none of the cardiovascular tissue banks indicated that they are in any way involved in stem cell research.

The differences in accepted time lapses from death to cardiectomy, and from cardiectomy until excision of the valves and further processing find their origin in view-points with respect to quality and safety. A consensus between the tissue banks contributing to this study should be based on data with respect to the potential loss of tissue quality starting at cardiac arrest and measured over time.

As there are very large methodological differences with respect to microbiology testing, incubation and decontamination of cardiovascular tissue between the 17 contributing tissue banks, there is a necessity to validate procedures and room for improvement \[[@R17],[@R18],[@R19]\]. This survey shows an increased demand for other tissues, which may be worth further exploration.

After all, where alternatives seem to fail or are absent, it is the task of tissue banks to satisfy the clinical demand for tissue grafts.
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